Introduction
Hypercalcaemia is often thought to provide important clues to the presence of unsuspected illness. A presumptive diagnosis of hypercalcaemia may often be made on an elevated total serum calcium concentration although it should, strictly speaking, refer to an elevation in the physiologically important ionized (free) calcium concentration. Pseudohypercalcaemia is rare, but should be excluded before pursuing unnecessary investigation for hypercalcaemia. Pseudohypercalcaemia refers to an increased serum total calcium concentration but in the presence of a normal ionized serum calcium level. 1 Heat-related illness, although not widely reported, is an important cause of pseudohypercalcaemia. We describe three patients with heat cramps who were initially suspected to have hypercalcaemia.
Case 1
A 46-year-old Chinese male construction site worker was referred to the hospital because of severe bilateral leg cramps after working under hot weather for >8 h. He did not have constipation, abdominal pain, bone pain, weight loss, depression, peptic ulcer or pancreatitis. Upon admission, his oral mucosa was dry and his body temperature was 37.48C. Radiograph of the chest and urinalysis were normal. Other laboratory results are shown in Table 1 . Of note, his renal function was abnormal and albumin concentration measured (59 g/l). His serum calcium level rose to 3.09 mmol/l, whereas the adjusted calcium level was calculated to be 2.62 mmol/l. Normal saline was administered intravenously 500 ml every 4 h. Ionized calcium level was not measured. Serum immunoglobulin and protein electrophoresis were requested; both results were normal. After 20 h, his serum creatinine level returned to 107 mmol/l and calcium level came down to 2.37 mmol/l. He remained well after discharge, without further hypercalcaemia.
Case 2
A 30-year-old Chinese male outdoor worker was admitted because of severe muscle cramps over four limbs and abdomen after sun exposure for 7 h. He had no fever but was dehydrated. Similar to the previous patient, he had renal impairment and an elevated serum calcium level of 3.04 mmol/l ( Table 1 ). The adjusted calcium concentration was 2.64 mmol/l. Shortly after, a paired parathyroid hormone level was measured (2.1 pmol/l). The patient's calcium concentration was in the normal range (2.50 mmol/l) after 3 h of rehydration. He was discharged 3 days later with normal renal function and a serum calcium level of 2.44 mmol/l. His renal function and calcium level remained normal 8 weeks after discharge.
Case 3
A 36-year-old Chinese male gardener was admitted to the hospital because of heat cramps after outdoor summer work for >6 h. He had profuse sweating and was dehydrated upon admission. Apart from a high albumin level of 67 g/l (Table 1) , he had a high serum calcium level of 3.41 mmol/l. Serum immunoglobulin levels were measured and treatment with saline rehydration was begun intravenously. His renal function improved and his calcium level returned to 2.40 mmol/l 1 day later.
Discussion
All three patients had apparent hypercalcaemia upon initial presentation with heat-related illness. Subsequent clinical course favours the diagnosis of pseudohypercalcaemia. In an early report published in French, a patient developed dehydration, anuria and hypercalcaemia in the early phrase of heat stroke.
2 Similar to our cases, hypercalcaemia disappeared within 48 h of rehydration. The authors hypothesized that early hypercalcaemia might result from blood concentration with hyperproteinaemia and release of bone calcium under the action of parathyroid hormone. The first hypothesis is most plausible in view of the rapid resolution of hypercalcaemia and the absence of hypercalcaemia symptoms.
To establish definite evidence of pseudohypercalcaemia, however, ionized calcium level should be measured to confirm that the abnormal total serum calcium concentration occurs in the absence of abnormal ionized calcium concentration. Although ionized calcium level was not measured in our patients, the key findings of abnormal albumin levels in our cases should alert the clinicians. As a rule of thumb, the first step in the diagnostic evaluation of hypercalcaemia (and more often hypocalcaemia) should be to make sure that the abnormality in total serum calcium levels is not due to abnormal albumin concentrations. When albumin concentrations are raised, as were the cases of extracellular volume depletion after heat-related illness, a spuriously elevation in the serum (total) calcium level occurs. This is not genuine disorder of calcium because only ionized (or free) calcium is physiologically active. A relatively normal adjusted calcium level (after correction for the albumin concentration) may provide important clues regarding pseudohypercalcaemia. The albumin-adjusted calcium levels in our patients (Table 1) were slightly high. This is in part because the adjusting formula is a generic one. Since its performance has not been validated in each individual laboratory, the correction for albumin is considered poor substitute for measuring ionized calcium. 3 Other reported causes of pseudohypercalcaemia include multiple myeloma or M-protein disorder (secondary to avid calcium binding properties of certain paraproteins), 4, 5 thrombocythaemia (probably in vitro release of calcium from excessive number of abnormally activated platelets), 6 hyperlipidaemia (methoddependent artefactual error by spectrophotometry). 7 Once pseudohypercalcaemia is diagnosed, expensive and unnecessary investigations for calcium disorder are not needed. For example, tests such as parathyroid hormone level and serum protein electrophoresis could have been avoided in our patients.
In conclusion, hypercalcaemia in the face of extremely high albumin concentration is consistent with pseudohypercalcaemia, and not uncommonly seen in patients with heat cramps. This condition is usually asymptomatic; further investigations for other causes of hypercalcaemia could be omitted after confirming the diagnosis of pseudohypercalcaemia.
Conflict of interest: None declared.
